
The frequency of postoperative thrombosis is not great.
Many surgeons fail to see a case in an experience cov-

ering many hundreds of operations. Schenck was able
to gather the records of but 48 cases of thrombosis in
7,130 gynecologic operations—about .6 of 1 per cent,
of the cases. Dearborn5 holds that thrombosis and em-
bolism are more common after operations in the pelvisthan after operations on any other portion of the body.
It is well known that embolism has not infrequently
been noted after operations on the appendix, but what
there is in pelvic and abdominal operations to favor the
development of thrombosis and embolism still remains
one of the unsolved mysteries of the surgical art. Dear-
born suggests that in all probability some of the cases
of embolism are overlooked, and that it is possible that
many of the cases of pleurisy, pneumonia and pulmon-
ary abscess, following surgical operations, are the direct
result of minute embolie obstruction in the parts. Since
it is well known that the commonest seat of aggravated
and fatal embolism is the pulmonary region, this sug-
gestion is very pertinent.
The causes of postoperative thrombosis have not been

definitely ascertained for all cases. There are undoubt-
edly some factors that are positive in their etiologic rela-
tionship to the condition. Thus, there can be no doubt
that some cases follow a mild degree of septic infection,
due to some error in the technic of the operation. To
conclude, however, that every case of phlegmasia follow-
ing abdominal section is septic in origin is, in the high-
est degree, erroneous. The absence of fever in many of
the cases—as in the one I have reported—would in and
of itself indicate that it was probably a non-septic con-
dition.
Another strongly predisposing factor in the develop-

ment of thrombosis is prolongation and severity of the
operation, especially when the hemorrhage has been con-
siderable. Thus Agnew, in his "Surgery," remarks that :
"After operation in which much blood has been lost,
there is always more or less tendency to the formation
of coagula. This may take place in the vessels of the ex-
tremities." In the case just reported, the operation was
not prolonged nor severe, nor was there the loss of a

teaspoonful of blood.
'
Therefore, this second factor must

be eliminated in this case. It is interesting to note in re-

gard to this etiologic factor of an increased tendency
to the formation of coagula, that recently M. Schwab6
has stated that a study of the coagulability of the blood
in 30 patients failed to show any appreciable difference
in the time required for the appearance of threads of
fibrin in the hanging drop of blood in patients who after-
ward suffered from embolism, and in the blood of those
who did not. This only demonstrates the fact that our
knowledge of the interesting study of coagulability of
the blood, as of leucocytosis and other seemingly impor-tant subjects, is still exceedingly limited.

Anemia and cachexia in association with malignancy ;
injury to the large venous trunks by too forcible use of
retractors ; ligation of a vein close to the point at which
it enters the main venous trunk, with extension of the
clot into the larger vessel; the prolonged use of the
Trendelenburg position,7 altered metabolism due to peri-
toneal exposure and manipulation, and injury of the fine
sympathetic nervules—all these have been suggested as

possible causes öf pelvic and femoral thrombosis follow-
ing abdominal section. The truth is, that with the ex-

ception of the comparatively small percentage of the

5. Ann. Gyn. and Pediat., November, 1904.
6. M\l=u"\nch. med. Wochschr., November, 1906.
7. Strauch: Centrbl. f. Gynak., xiii, 1894.

cases resulting from sepsis, hemorrhage and severity of
operation, we do not yet know the true etiologic history
of this curious and frequently serious or fatal condition.
Here is opened up a field for interesting original re-
search work. The compilation and tabulation of all re-
corded postoperative cases of thrombosis might show
some hitherto unrecognized fact that would do much to
clear away the obscurity that at present veils this inter-
esting surgical complication. With our present limited
knowledge of the subject, many of the cases can not be
ascribed to any of the possible causes that have been
offered in explanation of the occurrence of the accident.
In regard to the symptomatology of thrombosis, as

Mahler has indicated, the most important phenomenon
is a persistent frequency of the pulse rate, out of all pro-
portion to the elevation of the temperature. Dearborn,
in his able résumé of the subjects, remarks that any sud-
den increase in the pulse rate during convalescence from
an operation, the temperature remaining about normal,
should lead one to think of the possibility of the develop-ment of a thrombosis. He further adds that if there
are evidences of phlebitis or thrombosis absolute rest in
bed must be insisted on. Here he hits on the main ele-
ment in the treatment of the condition. Absolute immo-
bility of the affected limb, external warmth, emollient
and antiphlogistic applications.along the course of the
thrombosed vein and thorough asepsis of the primarywound comprise about all that can be done to relieve the
patient.

THE ACTION OF THE EXTRACT OF THE SU-
PRARENAL GLAND AND THE METHOD

AND INDICATIONS FOR ITS USE.
JOSEPH L. MILLER, M.D.

CHICAGO.

The value of the extract of the suprarenal gland as a
topical application to the mucous membranes, especiallyof the nose and throat, is well established. Recentlyit has been employed extensively in a variety of different
conditions, those deserving special mention being cardiac
insufficiency, hemorrhage, bronchial asthma and in the
treatment of various exudates and transudates in the
body cavities. As it is a drug with a very decided physi-ologic action, we should be familiar with its effect and
indications for its use.

PHYSIOLOGIC ACTION.

Inasmuch as adrenalin has been employed in most of
the experimental and clinical work this term will be
used, bearing in mind, however, that the active principleunder various other trade names has the same effect.
The action of adrenalin, in general, simulates that of

electrical excitation of the sympathetic nerves. So exact
is this selective action that it is assumed that an organ
contains sympathetic fibers if it contracts under the in-
fluence of adrenalin, as plain muscle without sympa-thetic fibers is not affected. In the past it has been dis-
puted whether this action on the sympathetic was central
or peripheral. At present it is generally conceded that
the action is a peripheral one affecting the neuromuscu-
lar function. The most important action of adrenalin
is on the cardiovascular s}'stem, the effect produced being
the same as would follow electrical excitation of the
sympathetic. Three minims of the 1-1000 solution in
jected intravenously into a rabbit within thirty seconds
will cause a rise in pressure of from 40 to 80 millimeters
of mercury. This maximum pressure is only maintained
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for twenty or thirty seconds, then gradually falls, reach-
ing normal in from two to five minutes. This return
to normal is not due to disappearance of the adrenalin,
but to fatigue, as it has been shown that the blood
of the animal, even thirty minutes later, if injectedinto another rabbit, will produce the typical rise in
pressure. If a rabbit receives repeated doses at short
intervals the pressure effect will be less and less marked
until finally scarcely any reaction occurs. However,
by continuous intravenous transfusions of very dilute
solutions, from 1-500 to 1-1,000,000, a moderate increase
in pressure, as shown by Crile,1 may be maintained for
several hours. The increase in pressure is due chieflyto vasoconstrictor effect, partly to its direct accelerative
action on the heart; very soon, however, a peripheral
nervous impulse slows the heart by overpowering the
acclerative influence of the adrenalin. Later when the
pressure begins to fall the acceleration reappears and
may continue for some time after the pressure has
reached normal.
Plethysmographic tracings, during the period of

high pressure, show that the output of blood at each
contraction is considerably increased, indicating dilata-
tion of the cardiac chambers, due to inability of the rightventricle to empty itself completely against the increased
resistance. So great may this resistance become that
the serum is forced out through the thinned ventricular
wall into the pericardial sac, as first mentioned by Oli-
ver and Schäfer and which I have observed in one rab-
bit after a fatal dose. The venous pressure rises very
slightly. In the various vessels the degree of constric-
tion is in proportion to their sympathetic inner-

• vations. According to Schäfer, the coronary vessels do
not take part in this constriction on account of the ab-
sence of vasoconstrictor fibers. Brodie and Dixon2 be-
lieve they have demonstrated the absence of sympathetic
fibers in the lesser circulation in the lungs, as they main-
tain that these organs are not constricted by adrenalin.
This very important point from a therapeutic standpoint
has been disputed by Plummer and must be considered
as still in doubt.

METHOD OF ADMINISTRATION.

Large amounts may be given by mouth without any
demonstrable effect on the cardiovascular system. I have
administered 5 c.c. at a single dose to an adult without
any subjective effect or increase in pressure that could
be detected with the Stanton instrument, although tak-
ing the pressure every two minutes for the period of
one hour. D'Amato3 has shown that very large doses
given in this manner to rabbits do not increase pressure,
although they may cause arterial degeneration. It is
evident that the only indication for adrenalin by mouth
would be for its local effect in hemorrhage from the
esophagus or stomach. It is valueless given in this way
in intestinal hemorrhage on, account of the readiness
with which it is decomposed in the stomach. Applied to
the mucous membrane it does not usually have any con-
stitutional effect, the action being entirely local. Ben-
nett,4 however, recently reported marked cardiac dis-
turbance with pulmonary edema after a urethral injec-
tion, absorption probably taking place through an open
vessel. Freely applied to the nasal mucous membrane
of man or rabbit, it does not cause a rise in blood pres-
sure. This is explained by the local vasoconstrictor

1. Jour. Exp. Med., viii, 713.
2. Eng. Jour. Phys., xxx, p. 476.
3. Berlin klin. Wochschr., 1906, p. 1100.
4. The Journal A. M. A., Nov. 17, 1906, p. 1655.

action being so great that an insufficient amount of the
drug reaches the general circulation.
The results of subcutaneous injection are not uniform.

The general opinion has been that when administered
in this way the drug does not cause a rise in pressure.
Becently in going over this work experimentally I found
that in some rabbits doses of 1 c.c. were without effect;
in other rabbits the same amount would cause a very
marked rise in blood pressure, the curve being different
from that of intravenous injections. The first effect is
observed about one minute after injection, when a very
gradual rise begins, the maximum of from 30 to 40
mm. is reached in from three to five minutes, gradually
reaching normal in from twenty-five to thirty minutes.
Meltzer5 has obtained these same results, but is inclined
to believe that in the eases in which a rise occurs the
needle has entered the muscle. I have observed a marked
rise, however, when exercising special care in introduc-
ing the adrenalin, and believe that subcutaneously an
increase in the general blood pressure often occurs. I
have obtained similar results in man when using sub-
cutaneous injections. In eight cases, using 1 c.c, in
which careful blood pressure observations were made,
seven responded with a rise in pressure of from 10 to
45 mm. of Hg, the first effect being observed in about
one minute, the maximum in from three to four and
one-half minutes; the maximum was maintained for
from eight to eighteen minutes, the return to normal re-
quiring from twenty-six to forty-five minutes. In one

patient, a nephritic with a normal pressure of 150 mm.,
no rise occurred.
Intramuscularly, as Meltzer has shown, there is always

a decided reaction. The rise is more gradual than after
the intravenous injection and much more prompt than
after its subcutaneous use. The duration and action is
also considerably greater than after its intravenous in-
jection. We see, then, that a cardiovascular effect can

only constantly be expected after subcutaneous intra-
muscular or intravenous use of this drug. When con-

sidering its application in cardiovascular conditions, the
best method of administering it in any special case will
be discussed.

USE IN CARDIOVASCULAR CONDITIONS.

On account of its marked vasoconstrictor action the
field of its greatest influence is conditions in which there
is marked vasodilatation with good heart muscle. This
latter should be emphasized, as the sudden increased
work can only be borne by a good heart. These indica-
tions are present in chloral poisoning, shock and heart
failure in chloroform or ether anesthesia. Under these
circumstances there is a very low blood pressure, due
largely to vasodilatation. Gottleib6 has shown that when
a rabbit has received increasing doses of chloral until
the heart comes to a standstill the injections of supra-
renal extract will start the heart beating and maintain it
for from 20 to 30 minutes, and by repeated injections
it may be kept beating for hours. Even when the heart
had stopped beating five minutes, by injecting adrenalin
and compressing the thorax he was able to start it again,
and in one minute to have a blood pressure of from 50
to 60 mm. Hg. In man, when using adrenalin for this
purpose, the drug should be given intravenously in
from 5 to 10 minim doses, repeated as often as required,
or, better, continuing intravenous transfusion of nor-
mal salt solution in strength of from 1-50,000 to

5. Meltzer and Auer Jour. Exp. Med., 1905, p. 114.
6. Arch. f. exper. u. Pharm., xxxviii and xliii.
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1-100,000. Gottleib has shown that adrenalin is far
superior to digitalis under these circumstances. Crile
has demonstrated its value in surgical shock. Miles and
Muhlberg caused vasomotor collapse in a rabbit by giv-
ing ether, and were able with adrenalin to cause a very
prompt and marked rise in pressure, which persisted for
five minutes or until the danger was past. In shock and
in chloroform and ether poisoning the drug should be
given intravenously. For the former, as a prolonged
action is needed, continuous intravenous transfusion of
a solution of from 1-50,000 to 1-100,000 is most desir-
able. With the latter a single injection of 10 minims
of the 1-1000 solution should suffice. We have here
probably the field of greatest usefulness for adrenalin.
In these conditions it is a safe remedy and probably
of much greater value than strychnia or digitalis.

When we consider its use in the heart failure of acute
infection it is quite another problem. Here vasomotor
paresis probably plays a very important rôle. We have
also, however, a degenerated heart muscle and it is,
furthermore, not a question of maintaining the circula-
tion for a few minutes, but for hours or even days.
Under these circumstances the intravenous use of adren-
alin, by its vasoconstrictor, throws such an enormously
increased work on a diseased heart that acute dilatation
with fatal termination may follow. Gottleib has demon-
strated this in a rabbit that received daily doses of diph-
theria toxin until evidence of cardiovascular disturbance
appeared. An injection of adrenalin then raised the
pressure from 56 mm. Hg to 132 mm., and maintained it
there for a short time. It then sank lower and lower,
a fatal termination being reached in a few minutes.
Here the first result was apparently beneficial, but the
heart was unable to maintain this increased work, and'
dilatation and death followed. The same results were ob-
tained in animals poisoned with phosphorus. If adren-
alin is allowable at all in this group of cases it should
be administered subcutaneously, as the increase in pres-
sure is then much more gradual.
At the recent meeting of the Association of American

Physicians there was considerable discussion on its value
in acute pulmonary edema. Experimentally it is well
known that the usual cause of death in rabbits after an
excessive dose is acute pulmonary edema. Bennett4 has
recently reported acute pulmonary edema in man after
a urethral injection of 2 c.c. of the 1-1000 solution. It
can, therefore, scarcely be considered a safe remedy in
this group of cases.

VALUE IN STOPPING HEMORRHAGE.

Here I shall only consider the value of this drug in
hemorrhage from vessels not accessible to local applica-
tions, as in the lung or intestinal tract. Adrenalin may
check hemorrhage not only through its constrictive ac-

tion but also by increasing the coagulability of the blood.
The latter action can be readily demonstrated after in-
travenous injection. At first thought it would appear
that we have here an ideal hemostatic. Its constrictor
action, however, is more than counterbalanced by the
sudden increase in pressure. In rabbits I observed that
in a wound the vessels that have stopped oozing often
start bleeding after an intravenous injection of adren-
alin. It is also not an infrequent occurrence to have
a cánula forced out of the carotid immediately following
the use of an intravenous injection. In pulmonary hem-
orrhage there is the additional danger of possible ab-
sence of vasoconstriction, and, therefore, the bleeding
might increase by having a condition of dilated vessel

with increased pressure. Its action in stopping hemor-
rhage by increasing the coagulability of the blood may be
more safely and effectually induced by calcium chlorid or

gelatin, neither of which increases blood pressure. The
use of adrenalin in controlling distant hemorrhage
should be discouraged, as it probably does harm, as may
any substance that increases blood pressure. This has
led Smith, Hare,7 Lemoyez and others to advocate vaso-
dilators in controlling distant hemorrhage.

USE IN BRONCHIAL ASTHMA.

The use of adrenalin by subcutaneous injection in
controlling asthmatic attacks is of recent date, although
applied to the nasal mucous membrane, it has been em-

ployed for this purpose for several years. Kaplan8 has
reported very favorably of its action in relieving the
asthmatic attack. The dosage is from 5 to 15 minima
of the 1-1000 solution subcutaneously or intravenously.
During the past year I have used adrenalin in eight
cases of bronchial asthma with very satisfactory results.
In all these cases marked relief appeared in two or three
minutes and continued for three hours. Some of these
cases were of long standing and the patients had em-

ployed all the ordinary remedies, but, according to their
statements, none afforded such prompt and complete re-
lief as adrenalin. From tests with other substances I am
quite convinced that the results are due to the specific
effect of the drug and not to any suggestive action. In
none of my cases could I observe any curative effect ;
the attack occurred at the usual interval and with the
same intensity. One* patient during a period of eight
months received 100 injections, always with relief, no in-
crease in the dose being necessary. In none of the cases
could I observe any untoward results. J. A. Capps, how-
ever, in personal communications, reports serious cardiac
disturbance in an elderly person immediately after an in-
jection for asthma, and its use here should be restricted
to patients with good heart and blood vessels. The
action of this drug on asthma may^throw some light on
the nature of the pathologic process. It is difficult to
conceive how adrenalin can relieve a bronchial spasm;
one can more readily see how a hyperemia of the bron-
chial membrane could disappear under its vasoconstric-
tor action.

USE IN PLEURAL AND PERITONEAL EFFUSIONS.

Barr,9 in 1903, after withdrawing fluid from the pleu-
ral cavity of a patient suffering from carcinoma of the
lung, introduced a solution of adrenalin through the
cánula and was surprised to find that the fluid did not
reaccumulate. He then tried it in tuberculous pleurisy,
tuberculous and malignant peritonitis and in ascites due
to cirrhosis. His method was to withdraw the fluid,
then introduce through the cánula 5 c.c. of the 1-1000
solution of adrenalin diluted to 15 c.c. with sterile water.
After injection into the peritoneal cavity he used light
massage to facilitate its distribution. Plant and Steele,10
following this method, treated three cases of liver cirrho-
sis and two of pleurisy. Two of the patients with ascites
received one treatment, the other one received two, fol-
lowing which the accumulation of the fluid stopped.
One patient later relapsed and was again relieved after
one injection. The two patients with pleurisy each re-
ceived one treatment and no reaccumulation occurred.

7. Lancet, Nov. 14, Aug. 20 and Oct. 1, 1904.
8. Medical News, 1905, p. 871.
9. Editorial. The Journal A. M. A., June 4, 1904.

10. Brit. Med. Jour., July 15, 1905, p. 125.
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These cases at the time the report was made had only
been under observation a few months, too early to draw
conclusions as to the permanency of the result. Barr re-
ports untoward results in one case in which he injected
3 c.c. of a 1-1000 solution into the pericardial sac, after
withdrawing 600 c.c. of fluid. The pulse disappeared
at the wrist and for a short time the patient's life was
in imminent danger. Plant reports colic and a rise in
temperature of 2° F. after its intraperitoneal use.
Exner,11 and Meltzer and Auer,5 working with animals
in order to determine the effect of adrenalin in prevent-
ing absorption and transudation in the peritoneal cavity,
obtained results which lend plausibility to Barr's empiri-
cal treatment, Exner, in 1903, demonstrated that the
intraperitoneal injection of adrenalin delayed absorp-
tion of poison from the peritoneal cavity. He injected
into the peritoneal cavity of a rabbit 20 times the fatal
dose of strychnin, preceding it by adrenalin, the tetanic
convulsions being delayed fifty minutes and were much
milder than in the control. Meltzer and Auer confirmed
these findings. They also showed that fluorescence trans-
fused from the blood into the peritoneum much more
slowly in animals that had previously received adrenalin
intravenously. It has also been demonstrated that in-
traperitoneal injection of adrenalin will lessen the ten-
dency of transudation into the peritoneal cavity after
excessive transfusion of normal salt solution.

DANGERS OF ADRENALIN.

The special dangers attending the use of adrenalin
besides those already mentioned are rupture of an ar-

tery from the sudden increase in- pressure, glycosuriaand arterial degeneration.
It is a remedy that must be employed with great care

in all patients with suspected arterial degeneration, in
• elderly people, both on account of atheromatous ar-

teries and myocardial changes, it is a dangerous rem-

edy. Kaplan8 has found that glycosuria does not occur
after moderate dosage. He observed on twelve patients
the effect of a daily dosage of from 30 to 40 minims con-
tinued for two weeks and never detected any glycosuria.
Underhill12 has reported that repeated doses of adrenalin
finally fail to produce a glycosuria in rabbits, a certain
degree of tolerance being acquired. The danger from
this source is very slight and may be overlooked. Much
more important is the possibility of causing an arterial
atheroma. In rabbits it has been found that a single
intravenous injection may cause decided changes in the
media and its continued use destruction of the muscle
fibers and later calcification. It has, furthermore, been
shown that these same changes may be produced by ad-
ministration of large amounts by mouth or subcutan-
eously. We must not conclude, however, that its use
in man with the usual dosage is necessarily attended
with the same danger. We have reasons to believe that
the rabbit is especially prone to such changes, as an at-
tempt to produce these in some other animals, as dogs
and monkeys, have failed. A variety of substances, some
of them well-recognized therapeutic agents, as barium
chlorid, physostigmin, lead and digalen, will produce
these same changes in rabbits, and further experimenta-
tion would probably show that this list can be added
to. It is probably true, however, that these changes are
more readily brought about by adrenalin than by any
other substance employed up to the present time. Again
the dosage per kilo, when used subcutaneously, is fifty

11. Arch. f. exper. Path. u. Pharm., 1903, p. 313
12. Amer. Jour. Phys., xvii, p. 42.

times our therapeutic dose in man. When we consider
that subcutaneously in animals the majority of investi-
gators have never been unable to produce vascular
changes, it would appear that the danger of the drug
in this respect could easily be overestimated. Its con-
tinuous' intravenous use should be discouraged. It is
not probable that a single intravenous injection would
cause vascular changes, although it has been shown that
this may occur in rabbits ; the real danger attending its
use, however, is immediate cardiac disturbance, espe-
cially acute dilatation.

OCCUPATION IN THE TREATMENT OF THE
INSANE.

THOMAS J. MOHER, M.D.
Medical Superintendent of Brockville Asylum for the Insane.

BROCKVILLE, ONTARIO.

It will not be possible for me to consider this subject
at length, but I wish to urge persistent effort in devising
ways and means to find employment of a suitable kind
for the insane. I do not pretend to add anything of
importance to what others have said on this topic, and it
is not unlikely that any one will object to my according a

great deal of importance to occupation as a remedial
measure for the insane, but I hope that I may be able to
direct attention more strongly to the desirability of pre-
scribing this valuable remedy in a more systematic man-
ner.

Some authorities say that great care should be taken
to assign patients to labor similar in character to that
which they are accustomed to perform. Surely this is
not wisdom. A patient comes from the counting house
fairly saturated with the toxemia of figures. He has
spent his days\p=m-\andoften, it may be, a considerable por-
tion of his nights—in struggling with great and per-
plexing problems, as a result of which there is a failure
of his physical health and a more or less'complete shat-
tering of his nervous system. To ask such a patient to
perform any sedentary duties would be but adding fuel
to the fire already consuming his nervous vitality.
Better far to start this patient at some occupation re-

quiring little or no mental exertion. Send him out in the
open air where he will be surrounded by conditions favor-
able to health, and give him a hoe, a spade, or a rake, and
see that he is kept in motion. Do not attempt to explain
what he is expected to accomplish. The great majority
of patients will attempt to use any utensil of this kind
as soon as it is placed in their hands. They appear to
work automatically, little or no mental exertion being re-

quired. The power of observation appears to be aroused
and developed, slowly it may be, but steadily. A simple
hole is perhaps made in the soil and the patient proceeds
either to enlarge this opening or fill it in or build a
mound. He will continue this occupation, apparently
forgetful of his delusions, for a time, but suddenly the
abnormal ideas return and any attempt at occupation
ceases. Here is where the properly trained attendant is
able to render valuable assistance. He has, or should
have, a good knowledge of the temperament of his patient
and can, by tact and patience, encourage him to recom-
mence his work. It was a revelation to me to notice the
progress made by patients from day to day. At the out-
set perhaps a few minutes would represent the time spent
in work, but this time is gradually extended until a pa-
tient may continue his occupation for an hour or longer,

Read before the British Medical Association, Toronto.
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